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SURFACE ACOUSTIC WAVE BRANCHING FILTER 



Technic alBACKGROUND OF THE INVENTION 



1 . 



Field of the Invention 



[0001 ] 



■The present invention relates to a surface 



acoustic wave branching filter using including first and second 
surface acoustic filters having different passbands and more 
particularly, the present inve ntion relates to a surface 
acoustic wave branching filter of a ladder-type circuit 
structure having pl-u^e 1 i t i es-—of— a plurality of series-arm 
resonators and a plurality of parallel-arm resonators. 
Background Art 



2. _ D escriptio n of the Relat ed Art 

[0002] _Up to now, various surface acoustic wave branching 
filters using a surface acoustic wave filter of a ladder-type 
circuit structure having series-arm resonators and parallel- 
arm resonators have been proposed. 

[0003] For example, in the f oH-ew-i-n^ Japanese Unexamined 

Patent Doeum ent 1 , Ap plication Publication No. 2000-315936 

discloses a surface acoustic wave branching filter, as shown 

in Fig. 12 is disclosed . Here, a first surface acoustic wave 
filter Fi for relatively low frequencies and a second surface 
acoustic wave filter F 2 for relatively high frequencies are 
connected to an antenna-side common terminal To- The first 
surface acoustic wave filter Fi includes a series-arm resonator 



1 



R s0 and a parallel-arm resonator R P , and the second surface 
acoustic wave filter F2 includes a parallel-arm resonator R P0 
and a series-arm resonator R s . 

[0004] In the first surface acoustic wave filter Fi, a 

resonator close that is closest to the common antenna terminal 
T 0 is the series-arm resonator R s0 and, in the second surface 
acoustic wave filter F 2 , a ^eson-a-nc e c l -es-e—te-e— t-he- r esonat or 
that _is closest to the common antenna terminal T 0 is the 
parallel-arm resonator R P o- 

[0005] Furthermore, a phase rotation line S is 

sandwiched between the second surface acoustic wave filter F 2 
and the common antenna terminal T 0 . 

[0006] 9n~-^the--©t-her----hand-7 — i^"~trhe--folrl^wirng~™Pa-t-ent- 

Documcnt 2 , Japanese Unexamined Patent Application Publi 
No. 10-93382 discloses a surface acoustic wave filter of a 

ladder-type circuit structure, as shown in Fig. 1 3— ir& 

discloGcd . Here, series-arm resonators R S i and R S 2 are 
connected in series in a series arm between an input terminal 
and an output terminal. Furthermore, a parallel-arm resonator 
Rpi is disposed in a parallel arm connected between the input 
terminal and the series-arm resonator R s i. Fu-r^th-e-me r Q , a A 
parallel-arm resonator R P2 is disposed in a parallel arrn^ one 
end of which is connected between the series-arm resonators R S i 
and R S 2- Moreover, a parallel-arm resonator R P3 is disposed in 
a parallel arm between the series-arm resonator R P 5.Rs2 and the 
output terminal. 

[0007] In this surface acoustic wave filter, the three 

parallel-arm resonators R Pi to R P 3 are commonly connected to a 
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common terminal 51 on a surface acoustic wave chip. Then, the 
common terminal 51 and the ground terminal of a package are 
connected by a bonding wire having an inductance L E . 

[0008] On the other hand, — in the f o llowing Patent 

Docum e nt — 3-? — arfc — is described that, — i-ftJapanese Unex amined Patent 
Application Publication No. 5-183380 describes a surface 
acoustic wave filter of a ladder-type circuit structure- 
wherein the best capacitance ratio is 1/2 between a parallel- 
arm resonator disposed at an end portion and a parallel-arm 
resonator connected in a parallel arm sandwiched between 
series-arm resonators is 1/2 . 

[0009] Moreover , jr-n— -feke f o l -jrewj^g Japanese Unexamined 

Patent Beeume^-t— -4-r Application Publica ti on No. 2001 -29834 8 
discloses a surface acoustic wave branching filter, as shown 
in Fig. 14 is dis c l -o^ed. As shown in Fig. 14, in a— s-urf-a-ee 
aeouiS-i^i-e"W-ave--b£ : -a-ne-h-i-ng f i 1-t-er^— 7-Q-; — a first surface acoustic 
wave filter 61 for relatively low frequencies and a second 
surface acoustic wave filter 62 for relatively high 
frequencies are connected to a common terminal 71 on the 
antenna side in a surface acoustic wave branching filter 70. 
The surface acoustic wave filters 61 and 62 are surface 
acoustic wave filters of a ladder-type circuit structure 
having series-arm resonators S1 to S3 and parallel-arm 
resonators P1 to P6, respectively. 

Pa-tent— Beeumea-t — 1-~ In a s ur face acoustic wave branching 

filter described in Japanese Unexamined Patent Application 
Publication No. 2000-315936 

Pa te nt Boe^-m ent 2: Japan e-ee Une-x-amirne d Patcn - t Applicatio n 
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Publicat i on No, 10 93382 

Pate n-t— &ee^ffleftfe — 3~ — JapanoGQ Un e xamin ed Patcn - t Ap plic a tion 
P-ufel-i-e^-^^ 

Patent Docum e nt 4 : Japanes e Unex amined Patent Application 

Publicat io n No. 2 00 1 29 8348 

[0010] I-n a s^rfaee- aeeu-s^i-e— v^a-ve^^-i^M-n^-^i-4rfe-eif- 

d oG cr i b ed— jrR P ate n t Doc um e n t — the series-arm resonator R s o is 
connected to a first stage of the first surface acoustic wave 
filter Fi for relatively low frequencies, and the above- 
described phase rotation line S is connected to the second 
surface acoustic wave filter F 2 - 

[0011] In recent years, the reduction in size has al-so 

been strongly required in surface acoustic wave branching 
filters. Accordingly, when the phase rotation line S is 
e-en-s-t-i-t^u-^edp r o v i d e d in a package, it has been difficult to 
ensure a sufficient line length for fully rotating the phase. 
Furthermore, the longer the line length of the phase rotation 
line S, the larger the resistance of the line. Accordingly, 
there has been a problem in that the loss of the surface 
acoustic wave branching filters increases. 

[0012] — — -On the other hand, when the line length of the 

phase rotation line S is reduced, the amount of phase rotation 
becomes small, the impedance matching of the surface acoustic 
wave filter F 2 deviates from a reference impedance of 50 Q, 
the loss in the band increases, and there was a f ear conc ern 
that isolation characteristics might deteriorate. 
[001 3] In the surface acoustic wave filter described in 
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the above-described Japanese Unexamined Patent D ocu ment 
Application Publication No, ^0-93382, it is stated that the 
amount of attenuation can be improved by commonly connecting 
the ground-side terminals of the parallel-arm resonators R P i to 
Rp3. However, in Patent Doc ument — 2-, — only a technique for 
improving the amount of attenuation of a surface acoustic wave 
filter is disclosed^ andi — i-a--Pa-t-e^-t-Dee^men^t-™2-T- nothing about 
the een^e^et-especif ic structure of series-arm resonators and 
parallel-arm resonators in a surface acoustic wave branching 
filter is described. 

[001 4] Furthermore, in Japanese Unex amined Patent 

Deeume- nt 3 Application Publication No. 5-1 83380 , in the surface 
acoustic wave filter of a ladder-type circuit structure, 
although the capacitance ratio between a parallel-arm 
resonator disposed at an end portion and a parallel-arm 
resonator in a parallel arm disposed between series-arm 
resonators is described, it is only described to make the 
capacitance ratio of the parallel-arm resonators a fixed value. 
That is, nothing is described concerning a desirable structure 
of the series-arm resonators and the parallel-arm resonators 
in surface acoustic wave branching filters using a plurality 
of surface acoustic wave filters. 

[0015] In the surface acoustic wave branching filter 

described in the above Patent Document — 4 Ja panese Unexamined 
Patent Application P ub lica tion No. 2001-29834 8, the surface 
acoustic wave branching filter 70 using the surface acoustic 
wave filters 61 and 62 in which a resonator closest to the 
eofflme-n— te-3Hn i n a 1 71 — irs has the parallel-arm resonator Si that is 
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clos est to the common terminal 7.1 • However, in the surface 
acoustic wave branching filter 70, a desirable structure of 
each of the series-arm resonators S1 to S3 and parallel-arm 
resonators P1 to P6, phase delay circuits, etc., are not 
particularly specific ally mentioned. 

I-t — i-s a n o bj e ct - of t-he-— present — i-nvent-i~en 

SUMMARY OF THE INVENTION 

[0016] In order to overcome the problems described above, 

prefer red em b q d i m e nts of the present inve ntion ^provide a 
structure surface acoustic wave branching filter capable of 
being ab le to be reduced in size without having isolation 
characteristics deteriorated and having the loss increased in 
a su rface a c ou^-^i-e— w-a-ve brai rehri-B€f fil-fe-e r in wh ich a first 
surface acoustic wave filter having a relatively low passband 
and a second surface acoustic wave filter having a relatively 
high passband are connected to a common terminal on the 
antenna side and each surface acoustic wave filter -i-s- composed 
of a includes a ladder-type surface acoustic wave filter. 
[0017 ] ]:- n ._..-..^.^. e .™p_ 3?e . s .. e . H .t ■^■ H . v . e . H ..^..j : . e .. H . x n a preferred 

embodiment, a surface acoustic wave branching filter includes 
a first surface acoustic wave filter having a relatively low 
passband-r^ a second surface acoustic wave filter having a 
relatively high passband-f, and a first common terminal to 
which one first ends of the first and second surface acoustic 
wave filters are connected— and— wh-i-eh— j-s— , wherei n the first 
common t^rminal^is connected to an antenna. In the surface 
acoustic wave branching filter, the first surface acoustic 
wave filter is a surface acoustic wave filter of a ladder-type 
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circuit structure having a plurality of parallel-arm 
resonators and a plurality of series-arm resonators. 

[0018] — — Gut- fe-he^^^ajrjrfe^re-s A resonator, among t h e 

plurality of series-arm resonators and the plurality of 
parallel-arm resonators, a resonator being the that is closest 
to the first common terminal is a parallel-arm resonator and 
the capacitance of the parallel-arm resonator be-in^-~ t-h e t hat is 
closest to the first common terminal is less than 1/2 of the 
capacitance of a— t he other parallel-arm resonator-; — d-±-f-fe^?en-t 
from the parallel arm res onator, sandwiched between the 
series -arm resonators . 

[0019] In a particular a-sp-eet pref erred embodiment of a 

surface acoustic wave branching filter of the present 
invention, the capacitance of the parallel-arm resonator b ein g 
the that is closest to the first common terminal is in the 
range of abou t 1/40 to about 1 /5 of the capacitance of the 
other parallel-arm resonator sandwiched between different 
series-arm resonators . 

[0020] _ _ In another particular a-spee-t- pref erred embodiment 

of a surface acoustic wave branching filter of the present 
invention, the surface acoustic wave branching filter further 
includes a second common terminal to which one end of a 
parallel-arm resonator being the that__is closest to the first 
common terminal and one end of the other parallel-arm 
resonator are connected, and an inductance element is added 
between the second common terminal and the ground potential. 

[ 002 1 ] In another particular aspect preferred 

embodiment of a surface acoustic wave branching filter of the 



7 



present invention, the surface acoustic wave branching filter 
further includes a package material housing the first and 
second surface acoustic wave filters, whe-^e-inand the second 
common terminal is included in the package material. 

[0022] In another particular aspect pref erred emb odime nt 

of a surface acoustic wave branching filter of the present 
invention, the resonance frequency of the parallel-arm 
resonator beir-n g the — t ha t is closest to the first common 
terminal is substantially the same as the resonance frequency 
of the other parallel-arm resonator. 

[0023] In another particular aspect pref erre d e mbodim ent 

of a surface acoustic wave branching filter of the present 
invention, the surface acoustic wave branching filter further 
co mp rises includes a phase adjustment element insortcd located 
between the second surface acoustic wave filter and the first 
common terminal. 

[0024] In another particular asp e ctpref erred embodiment 

of a surface acoustic wave branching filter of the present 
invention, the amount of phase delay of the phase adjustment 
element is less than 90 degrees from the central frequency of 
the first surface acoustic wave filter and, when seen from the 
side of the first common terminal, at least 50% of the 
passband of the second surface acoustic wave filter is 
inductive . 

[0 025] In another particular a-spee-t pref erred embodiment 

of a surface acoustic wave branching filter of the present 
invention, the phase adjustment element is a stripline. 
[0026] In another particular as pe ct preferred 
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embodiment of a surface acoustic wave branching filter of the 
present invention, the phase adjustment element includes a 
capacitance element and a second inductance element. 

[ 0027 ] In another particular aspect pref e rred emb o diment 

of a surface acoustic wave branching filter of the present 
invention, when seen from the first common terminal, at least 
50% of the passband of the second surface acoustic wave filter 
is inductive. 

[0028] In a surface acoustic wave branching filter of 

p re fe rred embodiments of the present invention, one first ends 
of a first surface acoustic wave filter having a relatively 
low passband and a second surface acoustic wave filter having 
a relatively high passband are connected to a first common 
terminal connected to an antenna sidei — if*. In the surface 
acoustic wave branching filter in which the first surface 
acoustic wave filter -is cempe-s-ed--e-f— includes a surface 
acoustic wave filter of a ladder-type circuit structure, e**% 
of pluralitics a reson ator, from a plurality of series-arm 
resonators and a plurality of parallel-arm resonators— ©#— the 
first surface acoustic wav e filt er , — a reso nator being the , 
which is closest to the first common terminal is a parallel- 
arm resonator-? — and t h e The capacitance of the parallel-arm 
resonator being the that is closest to the first common 
terminal is less than about 1 / 2 of the capacitance of the 
other parallel-arm resonator sandwiched between the series-arm 
resonators different from the parallel arm resonator . 
Therefore, while deterioration of the of the insertion loss is 
-s-u^p- r c g 3 od - r educed , isolation characteristics can be improved. 
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In particular, when the ab o ve capacitance ratio is in the 
range of about 1/40 to about_1/5, deterioration of the 

insertion loss is me-re— suppres-sed further re duced and 

simultaneously isolation characteristics can be effectively 
improved . 

[0029] One end of the parallel-arm resonator being the 

that is closest to the first common terminal and one end of 
the other parallel-arm resonator are connected to a second 
common terminal, and— when an inductance element is connected 
between the second common terminal and the ground potential, 
even if the capacitance of the parallel-arm resonator is 
reduced, isolation characteristics can be more effectively 
improved. 

[0030]_ Furthermore, when the second common terminal is 

included in a package, the abeve— inductance element can be 
e^-s-tri- tuted p rovi ded in the package and the surface acoustic 
wave filter can be reduced in size. 

[0031] When the resonance frequency of the parallel-arm 

resonator being— fch-e that is closest to the first common 

terminal is substantially the same as the resonance frequency 
of the other parallel-arm resonators, isolation 
characteristics can be effectively improved without h-av-ing 
^-he-causing insertion loss due to the difference of 
characteristics of the parallel-arm resonators caused . 

[0032] When a phase adjustment element is 

inserted located between the second surface acoustic wave 
filter and the first common terminal, the loss at the first 
common terminal on the antenna side can be effectively reduced 
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by the phase adjustment element. 

[0033] When the amount of phase delay of the phase 

adjustment element is less than about 90 degrees from the 
central frequency of the first surface acoustic wave filter 
and, when seen from the side of the first common terminal, at 
least 50% of the passband of the second surface acoustic wave 
filter is inductive, the DPX coupling loss at the common 
terminal on the antenna side can be effectively reduced. 

[0034] When the phase adjustment element is c om-p-e-s-ed— e-£ 

includes a stripline, the stripline can be easily formed in 
the package and the loss can be reduced without preventing the 
reduction in size of a surface acoustic wave branching filter 

,n,,, T *t r**... "i i..r > ***** 

[003 5] ___ When the phase adjustment element is a phase 

adjustment circuit having a capacitance element and a second 
inductance element, the DPX coupling loss at the common 
terminal on the antenna side can be moref urther reduced. 

[0036] When seen from the side of the first common 

terminal, if at least 50% of the passband of the second 
surface acoustic wave filter is inductive, the DPX coupling 
loss at the common terminal on the antenna side can be 
effectively reduced . 
Brief Description of the Drawings 

[0037] Other features, elements, steps, advantages and 

characteristics of the present inve n tion wi l l become more 
apparent from the following jde tailed description_of preferred 
embodiments thereof with reference to the atta ched drawings. 
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BRIEF DES CRIPTIO N OF THE DRAWINGS 
[0038] Fig. 1 shows the circuit structure of a surface 

acoustic wave branching filter according to onea preferred 
embodiment of the present invention. 

[0039] Fig. 2 is a schematic top view showing the 

electrode structure of a surface acoustic wave resonator used 
as a series-arm resonator or parallel-arm resonator in -trhea 
preferred embodiment of the present invention. 

[0040] Fig. 3 is a schematic sectional front view 

showing the physical structure of the surface acoustic wave 
branching filter of trhea preferred embodiment of the present 
invention. 

[0041 ] Fig. 4 shows the change of isolation when the 

capacitance ratio of the parallel-arm resonator in the surface 
acoustic wave branching filter of the first preferred 
embodiment is changed. 

[0042 ] _ Fig. 5 shows isolation characteristics when the 

parallel-arm resonator being the that is closest to a first 
common terminal on the antenna side is not included and when 
the capacitance ratio of the parallel-arm resonator is 
approximately 1 /20 and approximately 1/10. 

[0043] Fig. 6 shows the ^e-l-at-i-enrelat ionship between 

the capacitance ratio and the insertion loss of a parallel-arm 
resonator . 

[ 0044] Fig. 7 shows frequency characteristics of the 

amount of attenuation when a parallel-arm resonator being the 
t hat is closest to a first common terminal in a surface 
acoustic wave filter is not included and when the capacitive 
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ratio of a parallel-arm resonator is approximately 1/20 and 
a pp roximately 1/10. 

[0045] Fig. 8 shows the re-l-a-t-i-en relationship between 

the capacitance ratio of a parallel-arm resonator and the 
insertion loss of a transmission side surface acoustic wave 
filter. 

[0046] Fig. 9 shows frequency characteristics of the 

amount of attenuation of a reception side surface acoustic 
wave filter when the parallel-arm resonator as a resonator 
being the that is closest to the first common terminal in a 
first surface acoustic wave filter is not included and when 
the capacitance ratio of the parallel-arm resonator is 
approxi mate ly 1 /20 and approximatel y 1 / 1 0 . 

[0047] _ Fig. 10 shows the change of admittance on an 

admittance Smith chart when the phase is capacitive in the 
case where the resonator be4^g~t&e— that is closest to the 
first common terminal on the antenna side is a parallel-arm 
resonator . 

[0048] Fig. 11 shows the change of impedance on an 

impedance Smith chart when the series-arm resonator is 
capacitive in the case where the resonator b eing t h e that is 
closest to the first common terminal on the antenna side is a 
series-arm resonator. 

[0049] ____ Fig. 1 2 is a circuit diagram showing one exampl 

of related surface acoustic wave branching #i-l-e-r-s f ilters . 

[0050] Fig. 1 3 is a circuit diagram showing one exampl 

of related surface acoustic wave branching f - i ler s f ilters . 
[0051 ] Fig. 14 is a circuit diagram showing another 
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example of related surface acoustic wave branching 
f il o rs fi It e r s . 
Re-f e-r e n e e — N-ume-r ais- 

1 surface a coustic wave branching filter 

3 antenna terminal 

3 -lew— g>a-s-s fll t-e-r 

4 |Li_;^_^. e . emme .^^ 

5 tr^a-n-s-fn-i-s-s-i-on— s-i-de s ur^a-e^~aeou^t~ie~^ave f il ter — f#i^s-t 

■ s - u - F ^ a . ee ^. eou , s tic w a ve-^i-l-^er-)- 

transmission side s urface acous tic wave filter chip 

6 reception side surfac e ac o u st i c w a v e filter — ( second 

■surf-a-ee-a-ee-H-s-yre-we-vc f i 1 1 er4- 

^.^ .pe^ep^^^g^e^ _^ a _ ve _._f_i_j_^ e _ 3? __ e ^ 1 ^_p 

7 second common terminal 

9 ph-a-s-e— adj-u^tme nt e l e m e n t 

s . t3 _^ a€ ^_^ e ^. s ^ c , wa v e reso n ato r 

1_2 comb electrode 

13 and 1 4 reflectors 

4„.g e^^e—ma-ke^^t-a-i 

4-6 l-3rd 

W p ackage 

1-8 — — fnet al bum p 

— 2-9-7 — and 2 1 via hol e ele ctrodes 

22 and 23 s tripli ncs 

2A-—to~-2'6 „ v ..i.a--hele~-"e~l~eet~rodes 

AN j ? — antenna 

Z inductance clement 

Be-s-t— Mode f or C ar r y i n g— O ut the Invention 
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DETAILED DES^ OF PREFERRED EMB ODIME NTS 

[00_52J_ __Hereinaf ter , the present invention is made clear by 
describing concrctc pref erred embodiments of the present 
invention with reference to the drawings. 

[0053] Fig. 1 shows the circuit structure of a surface 

acoustic wave branching filter according to a first preferred 
embodiment of the present invention. 

[0054] In the surface acoustic wave branching filter of 

the present preferred embodiment, the passband on the 
transmission side is abou t 824 MHz to abou t 849 MHz and the 
passband on the reception side is about 869 %o MHz to about 894 
MHz. 

[0055JL _ A surface acoustic wave branching filter 1 

includes an ANT terminal 2 belonging to an antenna ANT. One 
end of a low-pass filter 3 is connected to the ANT terminal 2 
and the other end of the low-pass filter 3 is connected to a 
first common terminal 4. That is, the first common terminal 4 
is connected to the antenna ANT through the low-pass filter 3. 
[0056] A transmission side surface acoustic wave filter 

5 as a first surface acoustic wave filter having a relatively 
low passband and a reception side surface acoustic wave filter 

6 as a second surface acoustic wave filter having a relatively 
high passband are connected to the first common terminal 4. 

[ 0057] _ Each of the transmission side surface acoustic 

wave filter 5 and the reception side surface acoustic wave 
filter 6 is a surface acoustic wave filter of a ladder-type 
circuit structure having a plurality of series-arm resonators 
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and a plurality of parallel-arm resonators. 

[ 005 8 ] Fig. 2 is a schematic top view showing the 

electrode structure of one surface acoustic wave resonator 
used as a parallel resonator or a series resonator in the 
surface acoustic wave filters 5 and 6. A surface acoustic 
wave resonator 1 1 includes a comb electrode 1 2 and reflectors 
13 and 14 disposed on both sides in the surface acoustic wave 
propagation direction of the comb electrode 12. Moreover, in 
each of the series resonators and parallel resonators, the 
number, pitch, etc., of electrode fingers of the comb 
electrodes are properly selected in accordance with its 
capacitance and frequency. 

[0059] — -The transmission side surface acoustic wave 

filter 5 includes series-arm resonators T2, T3, T5, T6, T8, 
and T9 and parallel-arm resonators T1 , T4 , and T7 . In the 
transmission side surface acoustic wave filter 5, a resonator 
b e ing the that is closest to the first common terminal 4 is 
the parallel-arm resonator T1 . The parallel-arm resonator T4 
is included in a parallel arm 1 one end of which is connected 
between the series-arm resonators T3 and T5. Furthermore, the 
parallel-arm resonator T7 is disposed in a parallel arm L one 
end of which is connected between the series-arm resonators T6 
and T8. 

[0060] _ The ground-side terminal of the parallel-arm 

resonators T1 , T4 , and T7 is commonly connected to a second 
common terminal 7 included in a package to be described later. 
Furthermore, an inductance element Z is connected between the 
second common terminal 7 and the ground potential. 
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[ 00 61 ] On the other hand, — the The reception side 

surface acoustic wave filter 6 as the second surface acoustic 
wave filter includes parallel-arm resonators R1 , R4, and R7 
and series-arm resonators R2 , R3, R5, and R6 . Out of these 
resonators, the parallel-arm resonator R1 is the closest 
resonator to the first common terminal 4. The parallel-arm 
resonator R4 is included in a parallel arm L one end of which 
is connected between the series-arm resonators R3 and R5, and 
the parallel-arm resonator R7 is disposed in a parallel arm^ 
one end of which is connected between the series-arm resonator 
R6 and an—a reception-side output terminal. 

[0062] Moreover, a phase adjustment element 9 is 

disposed between the reception side surface acoustic wave 
filter 6 and the first common terminal 4. 

[0 063 ] Fig. 3 is a schematic sectional front view 
showing the physical structure of the surface acoustic wave 
branching filter of the present preferred embodiment. The 
surface acoustic wave branching filter 1 includes a package 
4 7 1 7 preferably having a case material 15 and a lid 16. The 
case material 1 5 is preferably made up- of a ca s e material — 4-5- 

— q — i-ird — 1-6— The c as e ma-t-e- rial — 1 5 is co mpo-s-e d of an 

insulating ee^a-fa ics such as alu -mirnum , etc. ceramic such as 
alumina, for example, or an insulating material such as 
synthetic resin, etc. for example. The lid 16 is 
eemposedpref erabl y made of an appropriate material such as a 
conductive material of metal, etc. for example, or an 
insulating material such as alumina, e^efor example. 
[0064] The case material 1 5 includes a concave portion 



17 



1 5a which is open upward-? — and and houses a transmission side 
surface acoustic wave filter chip 5A constituting the 
transmission side surface acoustic wave filter 5__and a 
reception side surface acoustic wave filter chip 6A 
constituting the reception side surface acoustic wave filter 6 
a-rc housed—irn the— e oncav o portion 1 -5-a. The surface acoustic 
wave filter chips 5A and 6A are mounted on the case material 
1 5 by a flip-chip bonding method. Fig. 3 shows the surface 
acoustic wave filter chips 5A and 6A joined to the bottom 
surface of the concave portion 15a by metal bumps 18, shown 
schematically sho w n. In practice, the electrodes of the 
surface acoustic wave filter chips 5A and 6A are electrically 
connected to the electrode lands #e-r-med— dispo sed on the bottom 
surface of the concave portion 4-5—1 5a of the case material 15 
by the metal bumps 18. 

[0065] Furthermore, via-hole electrodes 19 and 20 are 

formed in the case material 15. A phase adjustment element 9 
co m pos e d o f preferably including striplines 22 and 23 connected 
by a via-hole electrode 21 is e GB-s-t-i-fe-u-t ee la r r a nge d between the 
via-hole electrodes 19 and 20. 

[0066] G-n—t-h c o t h-e-p— -ha-neb — v-i-a Via -holes electrodes 2 4 

and 25 are disposed under the transmission side surface 
acoustic wave filter chip 5A in the case material 15. The 
upper end of the via-hole electrodes 24 and 25 reach the 
bottom surface of the concave portion 1 5a of the case material 
15, and the upper end is ends are connected to the parallel- 
arm resonators T4 and T1 shown in Fig. 1 . The lower endends 
of the via-hole electrodes 24 and 25 irs— are connected to the 
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second common terminal 7. The via-hole electrode (not shown 
in Fig. 3) connected to the ground-side terminal of the 
parallel-arm resonator T7 shown in Fig. 1 is also connected to 
the second common terminal 7 . 

[ 00 67 ] The second common terminal 7 is embedded in the 

case material 15, and the upper end of a via-hole electrode 26 
is connected to the lower surface of the second common 
terminal 7. The lower end of the via-hole electrode 26 
reaches the lower surface of the case material 1 5 and is 
connected to a ground electrode (not illustrated) 
f ormcd disposed on the lower surface of the case material 15. 

[J?Q68] in the p^e-seB^ present pref erred embodiment, the 

surface acoustic wave filter chips 5A and 6A are 
const i tut cd cons true ted in such a way that a surface acoustic 
wave resonator and electrodes constituting connection 
electrodes are f ormed provided on a LiTaC>3 substrate preferably 
by using an electrode material having aluminum as a main 
component . 

[0069] Furthermore, the above— phase adjustment 

striplines 22 and -2-3-23 preferably have a characteristic 
impedance of about 50 Q, and the amount of phase shift is set 
in such a way that the phase is rotated by about 75 degrees at 
836.5 MHz as the center frequency of the passband of the 
transmission side surface acoustic wave filter 5, for example . 

[0 070] TheO ne of t he unique c har acteri st i c s o f _th e 

surface acoustic wave branching filter of the present 
preferred embodiment is characterized in that , in the 
transmission side surface acoustic wave filter 5 having a 



19 



relatively low passband as described above, the parallel-arm 
resonator ^thethat is closest to the first common terminal 4, 
that is, the parallel-arm resonator -^he that is closest to the 
antenna side is the parallel-arm resonator T1 a n d th e. The 
capacitance of the parallel-arm resonator T1 is preferably 
less than about 1/10 of the capacitance of the other parallel- 
arm resonators T4 and T 7 --, — dir##e-re-n-t — feem^th^—pa^arl-lel—^iHTi 
-r^s-Oi^-a^e-3r~-W"7- sandwiched between the series-arm resonators. 
In such a way, leakage of a signal to the reception side 
surface acoustic wave filter 6 from the transmission side 
surface acoustic wave filter 5 can be suppressed . is reduced 
and minimized. That is, isolation characteristics can be 
improved. This is described with reference to Figs. 4 to 9. 

[0071 ] In the present preferred embodiment, the number 

of pairs of electrode fingers, the cross width of electrode 
fingers, the wavelength, and the number of electrode fingers 
of reflectors of each resonator used in the transmission side 
surface acoustic wave filter 5 and the reception side surface 
acoustic wave filter 6 are as shown in Table 1 and Table 2. 
Table 1 



No. of resonator 


Number of pairs 


Cross width 


Wavelength 


Number of electrode 
fingers of reflector 


T 1 


5 0 


2 0 


4. 8 9 2 


1 5 


T 2 


1 6 4 


1 1 0 


4. 6 5 6 


1 5 


T 3 


1 6 4 


1 1 0 


4. 6 6 7 


1 5 


T4 


8 0 


1 2 5 


4. 8 9 2 


1 5 


T 5 


1 1 2 


1 0 2 


4. 6 6 2 


1 5 


T 6 


1 1 2 


1 0 2 


4.662 


1 5 


T 7 


8 0 


12 5 


4 . 8 9 2 


1 5 


T 8 


1 1 2 


2 0 0 


4. 6 7 3 


1 5 


T 9 


1 6 3 


1 3 5 


4. 6 9 4 


1 5 
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Table 2 



No. of resonator 


Number of pairs 


Cross width 


Wavelength 


iNumuci ui ciccuuuc 
fingers of reflector 


R 1 


1 2 5 


6 4 


4. 5 7 5 


1 5 


R 2 


1 1 5 


1 2 6 


4. 3 6 8 


1 5 


R 3 


1 1 5 


3 9.4 


4. 3 6 8 


1 5 


R4 


1 2 5 


2 0 3. 5 


4. 5 6 9 


1 5 


R 5 


1 1 5 


3 9.4 


4. 3 6 8 


1 5 


R 6 


1 1 5 


1 2 6 


4. 3 6 8 


1 5 


R 7 


1 1 2 


7 2 


4 . 5 7 5 


1 5 



[0072] Furthermore, since the result shown in Figs. 4 

to 9 was obtained by properly modifying the structure 
(construction) of the resonators used in the surface acoustic 
wave branching filter of the above-described preferred 
embodiment, and the case in which the capacitance ratio is 
about 1/10 corresponds to the present embodiment. 

[0 073] _ Fig. 4 shows the change of isolation when the 

capacitance ratio between the parallel-arm resonator T1 and 
the parallel-arm resonators T4 and T7 is changed. Fig. 5 
shows isolation characteristics when the parallel-arm 
resonator T1 is not connected and when the a-bev-e— capacitance 
ratio of the parallel-arm resonator T1 is ab out 1/20 and about 
1/10 (representing the present preferred embodiment). 
Furthermore, Fig. 6 shows the ^ olatio nrelationship between the 
capacitance ratio and the insertion loss of the transmission 
side surface acoustic wave filter. Fig. 7 shows insertion 
loss characteristics of each transmission side surface 
acoustic wave filter when the parallel-arm resonator T1 is not 
connected and when the capacitance ratio of the parallel-arm 
resonator T1 is about 1/20 and about 1/10 in the same way as 
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in Fig. 5. 

[0074] Furthermore, Fig. 8 shows the insertion loss of 

a reception side surface e-l-as-t-i-e— wa-ve— f-i-l-t-er ac ou s t i c wav e 
filter relative to the capacitance ratio. Fig. 9 shows the 
insertion loss of each reception side surface acoustic wave 
filter in the case when the parallel-arm resonator T1 is not 
connected and when the capacitance ratio of the parallel-arm 
resonator T1 is about 1/20 and about_1/10. Moreover, the 
inner attenuation value to frequency characteristics shown in 
Fig. 9 are magnified in accordance with the right-hand scale 
of the perpendicular axis. 

[0075] Moreover, in Fig. 7, the inner attenuation value 

to frequency characteristics are magnified in accordance with 
the right-hand scale of the vertical axis. 

[0076] As is clearly understood from Fig. 5, leakage 

from the transmission side surface acoustic wave filter 5 to 
the reception side surface acoustic wave filter 6 is 
suppr eg scd r educed and isolation characteristics can be 
improved by ha-v-ing p r o v i d i ng the parallel-arm resonator T1 
pro v id ed wh e n compared with the case where the parallel-arm 
resonator T1 is not provided-? — that . That is, the case where 
the resonator t-hethat is closest to the first common terminal 
1 is the series-arm resonator T2 in the transmission side 
surface acoustic wave filter 5. Furthermore, as clearly 
understood from Fig. 4, isolation characteristics can be 
improved particularly in the vicinity where the capacitance 
ratio is about 1/10. That is, when a resonator of the 
transmission side surface acoustic wave filter 5 which is -the 
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closest to the first common terminal 4 on the antenna side is 
the parallel-arm resonator T1 , it is understood that isolation 
characteristics can be improved in comparison with the case 
where the resonator which is the closest to the common 
terminal 4 is a series-arm resonator. 

[0077] -Accordingly, in the surface acoustic wave filter 

circuit of a ladder-type circuit structure— up to now, 
althou gh it is— stated— that t-he— most appro p riate capaeit anc o 
ratio is — l-/-2- as described in Japanese Unexamin ed Patent 
Document — 3-? — when Application Publication No. 5-1 83380, the most 
a ppropriate capacitanc e ratio is 1 /2 W hen the change of 
isolation characteristics in Fig. 4 is considered, it is 
understood that the capacitance ratio of less than 1/2 is 
desirable in the surface acoustic wave branching filter having 
the first and second surface acoustic wave filters connected 
therein. ; i-s™ — i- kl t is understood that™ by making the 
capacitance ratio less than 1/2, a surface acoustic wave 
branching filter in which improved isolation characteristics 
a-re— improved- can be provided in comparison with the case where 
a surface acoustic wave filter having a capacitance ratio of 
1/2 is used. 

[0078] On the other hand, as is understood from Fig. 4, 

when the capacitance ratio is less than about 1/40 or exceeds 
about 1/5, isolation characteristics become equivalent to the 
case where the parallel-arm resonator is not connected 
(capacitance ratio = 0) . Accordingly, it is desirable to make 
the capacitance ratio in the range of a bout 1 /40 or higher and 
about 1/5 or lower. 
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[0079] ____ As is clearly understood from Figs. 5, 6, 8, and 

9, there is a tendency that the higher the capacitance ratio 
becomes, the larger the loss of the transmission side surface 
acoustic wave filter 5 and the loss of the reception side 
surface acoustic wave filter 6 become. However, as is clearly 
understood from Figs. 6 to 9, when the capacitance ratio is 
about 1/5 or less, the loss in the transmission side surface 
acoustic wave filter 5 and the reception side surface acoustic 
wave filter 6 is relatively small. 

[00 80] Accordingly, more pr efer ab l y , — when the 

capacitance ratio is in the range of about 1/40 to about 1/5, 
deterioration of the insertion loss is s^upp^es-sed— reduced and 
simultaneously isolation characteristics can be improved. 

[0081 ] _ Furthermore, in the present preferred embodiment, 

the grounding side terminal of the parallel-arm resonator T1 
which is the— closest to the first common terminal 4 and the 
grounding side terminal of the other parallel-arm resonators 
T4 and T7 included in the surface 'acoustic wave filter chip 5A 
are commonly connected to the second common terminal 7. Then- r 
t^he second common terminal 7 is connected to the ground 
potential through the inductance element Z. Accordingly, 
since the inductance element Z is added at the portion where 
the parallel-arm resonator T1 is connected to the other 
parallel-arm resonators T4 and T7 through the common terminal 
7, even if the capacitance of the parallel-arm resonator T1 is 
small, isolation characteristics can be effectively improved. 

[0082] Further m o r e-? — preferably, — t-he The resonance 

frequency of the parallel-arm resonator T1 is preferably made 
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the same as the resonance frequency of the other parallel-arm 
resonators T4 and T7 . In that case, no additional insertion 
loss due to the difference of resonance characteristics is 
caused and, as a result, isolation characteristics can be 
improved as described above. 

[0083] — —Moreover, since the phase adjustment element 9 
is connected to the reception side surface acoustic wave 
filter 6, the DPX coupling loss on the side of the common 
terminal 4 on the antenna side can be reduced. 

[0084] _ In the present preferred embodiment, preferably, 

the amount of phase rotation by the phase adjustment element 9 
of the reception side surface acoustic wave filter 6 is 
preferably made less than about 90 degrees from the center 
frequency of the passband of the reception side surface 
acoustic wave filter. In this case, since the amount of phase 
rotation can be made smaller, the phase adjustment element can 
be reduced in size and, as a result, the surface acoustic wave 
branching filter 1 can be downsized reduc e d in size . 

[0085] In particular, when the amount of phase rotation 

is made less than about_90 degrees, in a stage before the 
transmission side surface acoustic wave filter 5 and the 
reception side surface acoustic wave filter 6 are coupled on 
the antenna side, the phase is made inductive in the passband 
of the reception side surface acoustic wave filter 6 and the 
phase is made capacitive in the passband of the transmission 
side surface acoustic wave filter 5. Thus, the impedance 
matching can be realized. In particular A s shown in Fig. 11 , 
in the construction in which the resonator the that is closest 
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to the common terminal 4 on the antenna side is a series-arm 
resonator, w h e n the passband of the transmission side surface 

acoustic wave filter 5 is made capacitive, as &haW"F^^^-™F-i-g-r — 44-y 

th e larger the capacitance! — the larger and the movement on the 
Smith chart become larger and, thus , the reflection increases. 
Accordingly, the loss at the DPX coupling increases. 

[0086] On the contrary, in the ea-se~--i-n-~wh-i~eh-7 — a s in the 

present preferred embodiment, a resonator -t-he— that is closest 
to the common terminal 4 on the antenna side is the parallel- 
arm resonator T1-, — when . When the passband of the transmission 
side surface acoustic wave filter is made capacitive by 
addition of the parallel-arm resonator T1 , sinc e- the movement 
as shown in Fig. 10 is perf ormed-r— th-e_. The reflection 
decreases and, as a result, deterioration of characteristics 
at the DPX coupling can be s-uf^e-s-s-ed reduced . 
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